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Introduction
IntroductionIntroduction

What are What are problems problems with commonly used metrics for model evaluationwith commonly used metrics for model evaluation??

Operational evaluation (EPA, 1991; Russell and Dennis, 2000 )
Determine a model’s degree of acceptability and
Usefulness for specific task

Commonly used metrics (EPA, 1991 )
Difference between model and obs

Mean Bias (BMB)
Mean Absolute Gross Error (EMAGE), RMSE

Relative difference (normalized by Obs) 
Mean  Normalized Bias (BMNB)
Mean Normalized Gross Error (EMNGE)

See Table 1 for other metrics
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Table 1. Commonly Used Metrics of Model Performance
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Introduction
What are What are problems problems with commonly used metrics ? (Continued)with commonly used metrics ? (Continued)

Two problems with metrics in Table 1
Asymmetry for underpredictioin and overprediction

Mean Bias: - to +∞
Mean Normalized Bias, NMB: -100% to +∞%

Biased because of small numbers in the denominator
Mean Normalized Bias:

Problem with Fractional Bias
Against both Obs and Model
Seriously compressed beyond ±1 to ±2
Unclear meaning: 0.60 ?
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Objective

Propose new unbiased symmetric metrics
on the basis of concept of factor

Test new metrics and other metrics, 
and apply the new metrics in the 
CMAQ evaluation



New Metrics DescriptionNew Metrics Description
Normalized mean Bias Factor (Normalized mean Bias Factor (BBNMBFNMBF), Normalized mean error factor (), Normalized mean error factor (EENMEFNMEF))

Concept of Factor (symmetry)
For Model>Obs (overprediction): 

For Model<Obs (underprediction):
Obs

ModelFactor =

Model
ObsFactor =

Symmetry: overprediction and 
underprediction are treated 
proportionately
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New Metrics Description (Continued)New Metrics Description (Continued)
BBNMBFNMBF and and EENMEFNMEF

Normalized Mean Bias Factor (Normalized Mean Bias Factor (BBNMBFNMBF))
For                (overprediction): 

For                 (underprediction):
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BNMBF: symmetry , 
(Range)    -∞ to +∞, 

+ is overprediction
– is underprediction
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New Metrics Description (Continued)New Metrics Description (Continued)
BBNMBFNMBF and and EENMEFNMEF

Normalized Mean Error Factor (Normalized Mean Error Factor (EENMEFNMEF))
For                (overprediction): 

For                 (underprediction):
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New Metrics Description (Continued)New Metrics Description (Continued)
Normalized Mean Bias Factor : Normalized Mean Bias Factor : 

For                (overprediction): 

For                 (underprediction):
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BNMBF: result of sum of indiv. factor bias with obs (or model) 
conc. as a weighting function

Unbiased: avoid undue influence of

small numbers in denominator



Test of Metrics
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Test of Metrics (Continued) :11 models from IPCC (2001) 
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Test of Metrics (Continued) :11 models  for nss-SO4
2-
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•Model H: best; Model A: worst

•Models E, G, H: acceptable  

If criteria: ±25% (BNMBF), 35% (ENMEF)



Application of new Metrics for CMAQ evaluation

0

5

10

0 5 10

SO4-East (CASTNet)
SO4-W est (CASTNet)
SO4-east (IMPROVE)
SO4-west (IMPROVE)
SO4-east (STN)
SO4-west (STN)

M
od

el

Observation

SO
4

2- (   g m-3)µ

Jan. 8 to Feb. 18, 2002



Application of new Metrics (Continued)

Jan. 8 to Feb. 18, 2002
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Conclusions
Normalized mean bias factor and normalized mean error factor are 
proposed to quantify the relative departure between model and obs .  

The newly proposed metrics are:
Symmetric: overprediction and underprediction are treated 
proportionately
Unbiased: avoid undue influence of small numbers in the 
denominator

Tests show that the newly proposed metrics are useful, their meanings 
are clear and easy to explain. 

To represent the whole performance of the model:
Mean (model, obs), r, Number, difference (BMB, EMAGE), relative 
difference (BNMBF, ENMEF)

Values of relative differences depend on the units of model 
prediction and obs !!!!




